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PRELIMINARY DISPERSION ANALYSIS OF
FIVE RENDEZVOUS PROFILES FOR AAP MISSION AAP-1/AAP-2

By Larry Hartley
SUMMARY AND INTRODUCTION

The current mission plan for Apollo Applications Mission AAP-1/AAP-2
includes the rendezvous of the manned command and service modules (CSM)
with the Saturn IVB orbital workshop (OWS). The McDonnell Astronautics
Company was requested to select the best terminal phase rendezvous pro-
file for this mission. As a result of this request, five candidate ter- _
minal phase rendezvous profiles were selected; these plans are a coelliptic,
a biased-equiperiod, an out-of-plane, a stable orbit, and an elliptic orbit
approach. The Orbital Mission Analysis Branch (OMAB) was asked to develop
the catch-up logic and perform a preliminary error analysis for each plan
in order to facilitate McDonnell's recommendation of a particular plan for
the terminal phase portion of this mission.

This report presents the work done by OMAB in support of McDonnell
Astronautics Company. First, the catch-up logic is briefly discussed for
each plan, and second, the results of the preliminary error analysis are
presented,

RENDEZVOUS PROFILES

The terminal phase profiles described in this document are designed
to fulfill the objectives published in reference 1, which presents a
detailed description of each plan. Only a brief description of each plan
is given here.

The coelliptic pian (fig. 1) calls for the OWS to be launched into
a 260-n. mi. circular orbit and the CSM to be launched 24 hours later
into an 81- by 120-n. mi. orbit. The CSM performs a height adjustment

maneuver (NH) at lh38m g.e.t., raising apogee to 249 n. mi. At

2h23m g.e.t., a phase maneuver (NCl) is executed to raise perigee to
237 n. mi. A corrective combination maneuver (NCC), which is nominally



zero, is scheduled at 3h35m g.e.t. The CSM then performs the coelliptic
maneuver (NSR) 20 minutes after NCC creating a 2L9- by 250-n. mi. orbit;
the differential altitude (Ah) is then 10 n. mi. Terminal phase initia-
tion (TPI) is executed on a 26.6° elevation angle 12 minutes into darkness;
the target travel angle (wt) is 140°.

The biased equiperiod plan (fig. 2) is the same as the coelliptic
rendezvous plan through the coelliptic maneuver. However, at

5h01m g.e.t., the CSM executes a 34-fps equiperiod maneuver (EPM) along
the local horizontal. TPI is performed 95 minutes later 12 minutes into
darkness, and the wt to the target is 1L40°.

The out-of-plane rendezvous plan is presented in figure 3. The CSM
insertion targeting is adjusted so that at 35 minutes after CSM lift-off
there is a common node and a 0.06° wedge angle between the two vehicles'
planes. The NH, NC1, NCC, and NSR maneuvers are planned at approximately

the same times as outlined in the coelliptic plan. At 5h02m g.e.t., the
CSM performs an in-plane TPIl maneuver (wt = 120°) creating a 251- by

261-n. mi. orbit. This maneuver point was chosen so that thrusting is
along the line of sight and maximum out-of-plane conditions are established
at TPI,. At 5834 2. e.t., an in-plane TPI,
to null in-plane relative velocities. As a result, the line-of-sight rate
(change in the angle between the line of sight and the local horizontal)
is nominally zero from TPI2 to intercept.

maneuver (wt = 90°) is executed

Figure 4 shows the sequence of events for a stable orbit rendezvous
plan. The maneuver times through NSR are the same as for the coelliptic
rendezvous plan; however, the AV's of the maneuvers are different since
the required Ah is zero for this plan. The NH maneuver results in an
81- by 259-n. mi. orbit; NC1l, a 248- by 260-n. mi. orbit. The CSM executes’
the coelliptic maneuver to create a 259- by 260-n. mi. orbit. This series
of maneuvers is executed in order to place the CSM 20 n. mi. behind the

OWS and to make the Ah equal to zero at TPI. At hhMSm g.e.t., TPI is
performed 12 minutes prior to darkness; the wt is 2L0°.

The elliptic orbit rendezvous plan is presented in figure 5. Again,
the maneuver times through NCC are approximately the same as for the coel-
liptic plan. However, an elliptic maneuver is done instead of the NSR
maneuver. The elliptic maneuver places the CSM into a standard approach
orbit prior to TPI; i.e., perigee of the CSM orbit is 7O n. mi. below
the OWS perigee, and apogee 10 n. mi. below the OWS orbit apogee. When
the CSM reaches a point 20 n. mi. behind and 10 n. mi. below the OWS, TPI
is executed with a wt of 140°, 12 minutes into darkness.



ERROR ANALYSIS AND RESULTS

The results of the preliminary error analysis presented in this
report were requested by McDonnell Astronautics Company. Coordinate
systems and time references of the data were selected based on navigation
accuracy considerations and compatibility with existing digital simula-
tions at both MSC and McDonnell.

The following data were requested during the terminal phase portion
of the mission.

1. The uncertainty in the ground's knowledge of the relative state.
2. The uncertainty in the relative state between the OWS and CSM.

3. Nominal OWS and CSM state vectors and 30 samples of dispersed
CSM state vectors.

4. Nominal CSM relative state vector and 30 samples of dispersed
CSM relative state vectors.

The uncertainty in the ground's knowledge of the relative state
(item 1) is presented in reference 2. Items 2 through 4 were determined
by the following method. The covariance matrices representing Manned
Space Flight Network (MSFN) tracking (item 1) of the OWS and CSM at NCC
were randomly sampled and applied to the nominal trajectories.

The NCC and NSR maneuvers were then computed based on the dispersed
vectors. These maneuvers were randomly dispersed and applied to the
nominal trajectories. The error sources used for the maneuver applica-
tion error model were:

30 platform error = +0.5° in the pitch axis

30 attitude error = +0.5° in the pitch and yaw axes

30 AV application = #0.5 fps
State vectors, relative state vectors, and covariance matrices representing
the dispersions were obtained based on 30 separate runs of this type.

The state vectors are in an earth-centered inertial coordinate system
which is oriented at midnight prior to launch with the X-axis through
0° longitude, the Y-axis through the equator, and the Z-axis passing
through the north pole. The relative state vectors are in a target-
centered, rotating (position), rectilinear system with the following



conventions: Rx is the in-plane distance positive in the direction of
motion; Ry is the radial distance positive away from the center of the
earth; Rz forms an orthogonal system. The covariance matrices (item 2)

were generated by taking the difference between the actual and nominal
relative state vectors; that is,

actual relative state - nominal relative state.

The covariance matrices are presented in part (a) of tables I through
V, the relative conditions in part (b), and the state vectors in part (c).
These data were taken at either 10 minutes after the last catch-up ma-
neuver preceding TPI (EPM and ‘I'PIl for biased equiperiod and out-of-plane

profiles, respectively) or at the ground update time following the last
catch-up maneuver prior to TPI. Also, the state vectors for each plan
were propagated to the nominal time of TPI, and the relative state vectors
were obtained at ‘this point [part (d) of tables I through V].

Additional information was required for the biased equiperiod and
out-of-plane rendezvous profiles. For these plans, the EPM and TPIl ma-—

neuvers were assumed to be ground-computed. Therefore, the trajectories
after NSR were propagated to the time of the ground update following the
last catch-up maneuver prior to EPM and TPIl, and the covariance matrices

representing the MSFN update were randomly sampled and applied to these

trajectories. The EPM and TPIl maneuvers were computed based upon these

dispersed vectors. These maneuvers were then applied to the trajectories
propagated from NSR without the MSFN update. Based on the resulting tra-
jectories, state vectors [tables II(e) and ITI(e)] and covariance matrices
[tables II(f) and III(f)] of the relative state were obtained at 10 min-

utes after the EPM and TPIl maneuvers. Also, the relative state vectors

were obtained at the nominal time of TPI for the biased equiperiod plan
and at the time of TPI, for the out-of-plane plan [part (g) of tables II

2
and III].
CONCLUDING REMARKS

Due to a limited error source capability and recent changes in the
mission profile, the data presented in this report is of a preliminary
nature. However, the data is representative of what can be expected using
the type of terminal phase profiles presented. No attempt was made to
make recommendations or conclusions regarding the candidate rendezvous
profiles; rather, the data has been presented in order that others may
do so.
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